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ABSTRACT  
CSAMT or Controlled Source Audio-Magnetotelluric is one of the Geophysics methods to determine 
the resistivity of rock under earth surface. CSAMT method utilizes artificial stream and injected into 
the ground, the frequency of artificial sources ranging from 0.1 Hz to 10 kHz, CSAMT data source 
effect correction is inverted. From the inversion results showed that there is a layer having resistivity 
values ranged between 2.5 Ω.m – 15 Ω.m, which is interpreted that the layer is clay. 
Keywords: CSAMT; resistivity; clay 
Introduction  
CSAMT method is a geophysical method 
which can be applied to search for natural 
resources such as minerals, geothermal, oil 
and gas. CSAMT method is a development 
method of MT (Magnetotelluric) method. In 
CSAMT method, using artificial sources by 
injecting electric current can control and 
minimize noise or interference that comes 
from nature. CSAMT method is very 
effective for mapping resistivity contrasts of 
rock below the surface to a depth of 2-3 km.1 
However, due to using artificial sources, the 
primary waves recorded by a receiver which 
is necessary to effect correction source. The 
CSAMT method is used to identify areas 
with massive sulfide anomalies as the main 
targets due to their conductive properties. 
The CSAMT method has been successfully 
applied for gold exploration in Washington, 
USA, the CSAMT method also successfully 
mapped uranium exploration. The CSAMT 
method is also successful for mapping of 
resistivity at geothermal, Takigami in 
Kyushu.2 
In this paper, Horizontal Electric Dipole 
(HED) was modeled to study the response of 
the distance between transmitter and 
receiver. The comparison of field data 
correction source effect is the main result to 
run the inversion using Non-Linear Conjugate 
Gradient (NLCG) inversion. 
The geothermal system in Indonesia is 
divided into two categories, vapor 
domination system, and hot water 
domination system. The Kamojang 
geothermal system proved that the vapor 
domination system with reservoir 
temperature between 230oC until 246oC with 
the depth of reservoir above 800 m – 
1300m.3  
As scheme the structure of the geothermal 
system as the figure 1. The top zone is a 
conductive zone (smectite) with the 
temperature of 70oC.  At the higher 
temperature, illite from the less conductive 
layer become the mix layer illite-smectite. 
The proportion of illite increase with the rise 
of temperature become 180oC. The smectite 
temperature is decreased and the pure illite 
appears at the higher temperatures from 
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with 
220oC.4 The target of the geothermal system 
has low resistivity. The low of resistivity is 
the top of reservoir.5 
 
 
 
 
 
 
 
 
 
 
Figure 1. The geothermal system scheme.4 
Methods  
The modeling used the concept of 
Horizontal Electric Dipole (HED) where the 
impedance depends on the field intensity 
which is caused the source dipole with long 
dx in cylinder coordinate and the dipole 
current is sinusoidal. The distance r from the 
source of horizontal, the intensity field which 
measuring on the surface with the attention to 
the Maxwell equation and the field intensity 
to the potential vector will get related like 
that.6  
 
 
 
 
 
 
The apparent resistivity at the far field is: 
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conversion unit, so we get: 
 
 
 
 
The apparent resistivity at the near field is 
 
 
 
 
The formula for determining the far 
resistivity value and the near resistivity value 
as follows: 
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Result and Discussion 
HED modeling was conducted in three 
layers where the first layer is 100 Ω.m with 
the thickness 100 meter. Resistivity value at 
second layer is 10 Ω.m with thickness is 50 
meter And the third layer has resistivity value 
50Ω.m. The modeling is done with the distance 
between transmitter and receiver is different. 
There are three data on each graph, the 
first line is blue color presenting the 
resistivity to the frequency in the far field 
calculated using equation (11), the second 
data is resistivity to the frequency in near 
field calculated using equation (12) and the 
third graph is resistivity to a frequency with 
corrected source effect. The Triangle 
transition zone was formed by a correction in 
the transition zone. Once the low frequency, 
the value of skin depth runs high, To reach 
the far field zone, it's required a great 
distance, then for the area that is less than 4δ 
conducted the correction, so for the low 
frequency is used the apparent resistivity 
equation of near field and for high 
frequencies used far field. The bolow is a 
survey map of Kamojang geothermal field. a 
survey  was conducted by using CSAMT 
with 60 points of sounding, measurement 
data consists of 7 lines, there are line 1, line 
2, line 3, line 4, line 5 and line 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2a. HED modeling with the 
distance is 4.4 km. 
 
Figure 2 c. HED modeling with the 
distance is 1.8 km. 
Figure 2 b. HED modeling with the 
distance is 3.6 km 
 
Figure 3.  CSAMT survey map on the 
Kamojang field. 
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The results of correction source effect at 
sounding-1 and sounding-57 with a distance 
transmitter and receiver are different.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                
                   Figure 5c. Line 3                  Figure 5d. Line 4 
 
 
Figure 4a. The correction result of 
sounding1 (distance 1. 34 km) 
 
Figure 4b. The correction result of 
sounding 57 (distance 4.22 km) 
 
Figure 5a. Line 1 Figure 5b. Line 2 
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                  Figure 5e. Line 5                    Figure 5f. Line 6 
 
All soundings did the inversion after did 
the source effect correction,  the inversion is 
used that are Non-Linear Conjugate 
Gradients (NLCG).6  
In the figure 5.a that is the inversion result 
at line 1, SW direction on the first layer there 
is a layer with resistivity values ranging from 
15 to 22.5 Ω.m, and in the direction of NE on 
the first layer has a very high resistivity 
values are above 100 Ω.m, at line 1 there are 
no layers with low resistivity values, so we 
interpretation that the first line there is no 
reservoir. The results inversion on line 2, line 
3, line 4, line 5 and line 6. Each of which is 
shown in the figure 5.b, 5.c 5.d, 5.e and 5.f 
the range of resistivity value are  2.5-15 Ω.m 
and below that layer, there is a layer with 
higher resistivity values and below that layer, 
there is a layer with higher resistivity values. 
Then interpreted that these layers are clay as 
the covering layer. 
Conclusion 
CSAMT method can be used to detect the 
geothermal reservoir area by detecting the 
value of resistivity at each layer. Based on 
the value of resistivity, it interpreted that the 
first line there is no reservoir due to the 
absence of layers with low resistivity values. 
While on line 2, line 3, line 4, line 5 and line 
6 there are low resistivity values ranged 
between 2.5-15 Ω.m interpreted as clay layer 
covering layer.  
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